INTRODUCTION
Due to their characteristic slow growth rates, low fecundity with delayed reproductive e¡ort, geared towards the production of a small progeny after a long gestation period, elasmobranch ¢shes are highly susceptible to overexploitation (Stevens et al., 2000) . In recent years, these ¢shes have become important ¢sheries resources, with increasing ¢shing e¡ort. In Portugal, particularly in the Algarve, catches of rays decreased more than 42% in the last ten years, while their commercial value has increased more than 71 % (DGPA, 2000) .
Several methods have been successfully used for aging elasmobranchs, namely length^frequency analysis, tagging studies and interpretation of growth bands deposited on the available calci¢ed vertebrae. Cailliet (1983) presented a revision of several of these techniques.
The objectives of this study were the assessment of the most precise techniques for aging Raja undulata Lacepe' de, 1802 followed by the estimation of age and growth parameters. These parameters are essential for the assessment and evaluation of the state of the stock in Algarve waters.
MATERIAL AND METHODS
Sampling took place between October 1999 and February 2001 by ¢shing vessels operating along the Algarve coast. Captured ¢sh were brought to the laboratory and information on sex, total length (TL, cm), disk width (DW, cm) and total weight (TW, g) recorded for each specimen. Vertebrae were removed from the anterior zone of the vertebral column (DuBuit, 1972) and cleaned according to the methodology proposed by Cailliet et al. (1983) .
Preliminary tests with silver nitrate (Stevens, 1975) , cobalt nitrate (Hoenig & Brown, 1988) , histological procedure of dehydration followed by para⁄n impregnation (Daiber, 1960) , cedar wood oil immersion (Cailliet et al., 1983) , nitric acid decalci¢cation (Correia & Figueiredo, 1997) and alizarin red S dye (LaMarca, 1966) were conducted in a sub-sample of 30 specimens (22.4 to 81.2 cm TL). These di¡erent techniques were applied to whole vertebrae, halves and 300mm longitudinal sections (Waring, 1984) . To evaluate the e⁄ciency of each technique, three independent readings temporally spaced by a minimum of 30 days were made by a single reader, and several precision indices calculated, namely the per cent concordance, the index of average percent error proposed by Beamish & Fournier (1981) and the coefficient of variation and precision index, both proposed by Chang (1982) .
Based on the results of these preliminary tests, the technique of cedar wood oil immersion of whole vertebrae was applied to the remaining sample. For the larger specimens, where band observation and counting was more di⁄cult, the technique of the alizarin red S stain was applied to 300 m m longitudinal sections. Each vertebra was observed by one reader on three separate occasions, temporally spaced by a minimum of 30 days. A valid age was only considered if the same age was attributed at least twice. Mean lengths-at-age between sexes were compared by Student's t-tests. Age was validated by marginal increment analysis. To evaluate the pattern of band deposition along the year, the vertebrae edge of a minimum of ten specimens per month was classi¢ed as either opaque or translucent.
The von Bertalan¡y growth function was ¢tted to the length-at-age data, and the parameters estimated by the non-linear least squares method. Ages were attributed assuming a birth date of 1 January, which allowed the variability associated with having a large sampling period to be minimized. Male and female growth parameters were compared with the maximum likelihood test. The most e¡ective techniques for age estimation were staining both halved and sectioned vertebrae with alizarin red S and immersing whole vertebrae in cedar wood oil (Table 1 ). The latter technique has the advantage of being much less time consuming.
RESULTS
Age could not be estimated in only ¢ve specimens (2.7%), because no clear visible patterns allowed two concordant readings, even after band enhancing techniques were applied. The sample consisted of 14 age-classes (ages 0 to 13), with the most representative age-classes between three and eight (76.4%). Some overlapping of the lengthsat-age distributions was apparent, becoming greater for older age-classes. It was possible to observe that growth was more accelerated in the ¢rst years of life, and this was re£ected by the progressive decrease of length increments with increasing age. Mean lengths-at-age of males and females showed di¡erences for age classes one and eight (t-test: P50.05 in both cases), and no di¡erences for the other age classes (t-test: P 4 0.05).
To determine the periodicity of the band deposition pattern, 139 specimens (74.3 % of the total sample) were studied. It was possible to determine that a pair of bands (one opaque and one translucent) is deposited annually, with the opaque band deposited mostly during the summer (April to October) and the translucent band during the winter (December to March).
The length-at-age data and the ¢tted von Bertalan¡y model are presented in Figure 1 . The estimated parameters, with the respective standard errors in brackets, were: No signi¢cant di¡erences were found between males and females (maximum likelihood test: P40.05). Table 1 . Precision of the tested techniques applied to the di¡erent treatments on vertebrae of Raja undulata. The % concordance represents the cumulative percentage of concordant readings in a determinate number of years (0, AE1, AE2 and AE3). The calculated precision indexes are the average percent error (APE), the coe⁄cient of variation (V) and the precision index (D). The percentage of readings that did not allow the estimation of a valid age (ND) is also given. Beamish & Fournier (1981) , a preliminary test on the most e¡ective band enhancing technique for the studied species was performed. We propose the use of an expeditious and e¡ective technique, such as the cedar wood oil immersion, especially when a large sample needs to be analysed in a short time. For the more di⁄cult structures, such as large vertebrae, a more elaborate and time consuming technique can be used, such as sectioning vertebrae in 300 mm sections and staining with alizarin red S. Both these techniques have been previously used with success for aging elasmobranchs (LaMarca, 1966; DuBuit, 1972; Cailliet et al., 1983) .
The validation of age estimates is a critical aspect in age and growth studies. By the analysis of the band forming on the edge of the vertebrae, we concluded that a pair of bands, one opaque and one translucent, is formed each year, with the opaque band deposited mostly during the summer and the translucent band during the winter. This pattern had already been described in the Raja genus for R. clavata, R. microocellata, and R. montagui by Ryland & Ajayi (1984) and for R. erinacea by Waring (1984) .
Comparison of estimated growth parameters with those obtained by other authors for the Raja genus in European waters (DuBuit, 1972; Holden, 1972; Ryland & Ajayi, 1984; Brander & Palmer, 1985) showed that R. undulata has a relatively slow growth rate. The only species where lower growth rates have been described were R. batis (DuBuit, 1972) and R. clavata and R. microocellata (Ryland & Ajayi, 1984) .
